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Plasma membranes of sperm subjected to low temperatures undergo changes in their structure and per-
meability. The addition of fatty acids in semen cryopreservation media may inﬂuence the sperm motility
after thawing, possibly by maintaining the membrane ﬂuidity due to their incorporation in lipid bilayers.
In this work, different concentrations of the isomers cis-9,trans-11 and trans-10,cis-12 of conjugated lin-
oleic acid (CLA) were added in the cryopreservation medium of bovine sperm. Four Jersey bulls were
used, and the ejaculates were processed as a pool. The Tris-based extender (Dilutris) was supplemented
with 20% egg yolk (MB). The treatments with CLA (Luta-CLA), which had oily presentation, were pre-
pared from MB with addition of 1% sodium lauryl sulfate, and denominated MBL. The concentrations
of CLA tested were 50, 100, and 150 lM. The motility characteristics of the post-thaw semen were ana-
lyzed by computerized analysis system (CASA), and plasma membrane integrity and acrosomal and mito-
chondrial function assessed by the association of the ﬂuorescent probes propidium iodide, ﬂuorescein
isothiocyanate-conjugated Pisum sativum agglutinin (FITC-PSA), JC-1 and Hoechst 33342. No signiﬁcant
differences were observed among treatments, excepting for a decreased mitochondrial potential of cells
treated with 150 lM CLA. The addition of CLA, at the concentrations used, showed no advantages on the
integrity and functionality of bovine sperm submitted to cryopreservation.
 2013 Elsevier Inc. All rights reserved.Introduction
Conjugated linoleic acid (CLA) is the nomenclature used to de-
ﬁne a group of isomers of octadecadienoic acid with double conju-
gated bonds, that are most abundant in positions 9, 10, 11, and 12,
and can be naturally found in dairy products and ruminant’s meat
in both cis and trans conﬁgurations [15,26]. CLA, just as essential
fatty acids (linoleic and linolenic acids), and other polyunsaturated
fatty acids, are known for changing the lipid membrane composi-
tion in many cells [20]. These fatty acids can be incorporated by
the plasma membrane of the cells [1,19] provoking modiﬁcation
in its structure and function [21,27].
The effects of fatty acids incorporated in maturation and embry-
onic cultivation media over membrane ﬂuidity of bovine embryos
were reported [9]. An increase of unsaturated fatty acids in theembryonic membrane was observed before freezing, resulting in
the modiﬁcation of membrane ﬂuidity, which may improve the
embryo ability to freezing [24].
In ovine semen, the addition of oleic-linoleic acids to the cryo-
preservation medium resulted a beneﬁcial effect in the preserva-
tion of sperm cells viability [18]. Swine spermatozoa incubated
for 4 h at 37 C in a dilution media containing oleic and linoleic
acids demonstrated a signiﬁcant improvement in motility and via-
bility [10]. The use of linoleic acid in the bovine semen cryopreser-
vation medium caused an improvement in sperm motility after
thawing, relating this result to a possible maintenance in mem-
brane ﬂuidity due to the incorporation of linoleic acid by the lipid
bilayer [22].
The composition of the extender and the type and the amount
of cryoprotectants may have differential effects depending on the
species or breed [23]. Thus, it is important to investigate the effect
of speciﬁc compositions on speciﬁc semen samples. The effects of
CLA addition to dilution and freezing media used for bovine semen
and its interaction with sperm cells have not been reported. The
objective of this study was to evaluate sperm motility parameters
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membranes of bovine spermatozoa frozen in media containing dif-
ferent concentrations of cis-9,trans-11 and trans-10,cis-12 isomers
of the conjugated linoleic acid (CLA).Materials and methods
Semen collection
Four Jersey bulls in reproductive age were used, with body con-
dition (score P4, scale 1–5), maintained under the same environ-
mental and nutritional conditions. The ejaculates were obtained
with artiﬁcial vaginas, with one collection per week for each bull.
Each replicate was a pool of four ejaculates, one per each bull. Only
ejaculates with motilityP80%, sperm vigorP4 and morphological
abnormalities 610% were used.
Semen cryopreservation
The ejaculates after collection were manipulated at 27 C and
mixed forming a pool, following they were diluted with the treat-
ments obtaining a ﬁnal concentration of 50  106 spermatozoa/mL.
The medium extender was Tris base (Dilutris – Semencom,
Brasil) plus 20% egg yolk (MB). The treatments with CLA (Luta-
CLA – Basf, Brasil), because of its oil presentation, were prepared
from MB with the addition of 1% sodium dodecyl sulfate (SDS), and
denominated MBL. The treatments were made up by: control
(PC = MB); control for SDS addition (NC = MBL); and treatments
with different concentrations of CLA (T50 = MBL + 50 lM CLA;
T100 = MBL + 100 lM CLA and T150 = MBL + 150 lM CLA). The
concentrations of CLA were based on previous studies on cultiva-
tion of bovine embryos [17] and addition of fatty acids in semen
cryopreservation media [18].
After enclosed and sealed, straws (0.5 mL) were refrigerated at
4 C for 4 h and immediately placed in horizontal position in a Sty-
rofoam box with liquid nitrogen vapor (120 C) remaining there
for 20 min. They were then immersed in liquid nitrogen
(196 C) and later, stored in a cryogenic tank.
Evaluation of post-thaw frozen semen
For each treatment, two straws of semen were analyzed. Straws
were thawed in water bath at 37 C for 30 s, where the semen was
transferred from the straws to a microcentrifuge tube, previously
heated in dry bath and kept incubated at 37 C. The subjective eval-
uation of sperm motility and vigor was performed with a light
microscope (100) through the analysis of a semen drop on a glass
slide. The motility was expressed in percentage of mobile sperm,
while the vigor (movement intensity) was classiﬁed in scores of
1 (slowest) to 5 (fastest progressive movement) and then the fol-
lowing evaluations were performed.
Computerized evaluation of sperm parameters
The computer-assisted sperm analysis (CASA) was performed in
the Hamilton Thorne Research Motility Analyser (HTM-IVOS, Ver-
sion 12.3, Hamilton Thorne Research, Beverly, Massachusetts,
USA). The Animal Motility software, previously adjusted for bovine
semen, was used for sperm movement analysis.
For the analysis the Makler Chamber (Counting Chamber Mak-
ler 0.01 mm2 10 lm deep, Seﬁ-Medical Instruments Ltd.) was
used, where 10 lL of diluted semenwas placed in sperm TALPmed-
ium [3], in the concentration of 25  106 sperm/mL, and 10 ﬁelds
were selected for analysis. The characteristics analyzed were total
motility (MT, %), progressive motility (MP, %), average path velocity(VAP, lm/s), straight linear velocity (VSL, lm/s), curvilinear
velocity (VCL, lm/s), amplitude of lateral head displacement
(ALH, lm), beat cross frequency (BCF, Hz), straightness (STR, %)
and linearity (LIN, %).
Functional evaluation of plasma, acrosomal and mitochondrial
membranes
The integrity of plasmatic and acrosomal membranes and mito-
chondrial function were evaluated by the association of propidium
iodide (PI; Sigma, St. Louis, MO, USA), ﬂuorescein isothiocyanate-
conjugated Pisum sativum agglutinin (FITC-PSA; Sigma), iodide of
5,50,6,60-tetrachloride-1,10,3,30-tetraetyl-benzimidazolyl-carbocya-
nine (JC-1; Molecular Probes, Eugene, OR, USA) and Hoechst 33342
(H342; Molecular Probes) ﬂuorescent probes using the protocol of
Celeghini et al. [4]. The probe JC-1 was used to measure changes in
mitochondrial membrane potential; the green ﬂuorescence from
JC-1 occurs at low membrane potential, whereas the red–orange
ﬂuorescence is due to formation of aggregates at high membrane
potential [7,8]. The reading was done with the use of an epiﬂuores-
cent microscope (Nikon, Eclipse 80i, Melville, NY, USA) with a tri-
ple ﬁlter (D/F/R, C58420) presenting the UV-2E/C sets (excitation
340–380 nm and emission 435–485 nm), B-2E/C (465–495 nm
excitation and 515–555 nm emission) and G-2E/C (540–525 nm
excitation and 605–655 nm emission), with magniﬁcation of
1000. Two hundred cells were examinated and classiﬁed, based
on the ﬂuorescence emitted by each probe, using the classiﬁcation
proposed by Celeghini et al. [4].
Statistical analysis
The experimental statistical design was distributed in random
blocks, with ﬁve treatments (PC, NC, T50, T100 e T150) and four
days of collection. The data generated was evaluated by variance
analysis and then mean comparison by the Fisher’s Least Signiﬁ-
cant Difference (LSD) test, adopting a signiﬁcance level of 5%.
Results
Subjective evaluation of sperm motility and vigor
Semen cryopreservation affected the subjective sperm motility
(MES), as this parameter was signiﬁcantly greater (P < 0.001) in
fresh semen (85% ± 0.0) than in the post thawed in all treatments
(PC = 42.5 ± 4.3, NC = 46.2 ± 1.2, T50 = 48.7 ± 1.2, T100 = 48.7 ± 1.2,
and T150 = 48.7 ± 3.1%). However there were no signiﬁcant differ-
ences (P > 0.05) among the treatments after thawing, as seen in
Fig. 1A. The subjective sperm vigor (VES) of the thawed semen
demonstrated that 100% of evaluations were considered with vigor
3 in the T100, similar to the PC (Fig. 1B).
Computerized evaluation of sperm motility
Total motility (MT) and progressive motility (MP) of thawed se-
men in the different treatments can be observed in Fig. 2. The total
and progressive motility in the treatments were: PC = 65.0 ± 8.3
and 54.0 ± 6.6; NC = 63.5 ± 2.9 and 49.2 ± 3.1; T50 = 62.2 ± 4.3 and
52.0 ± 3.1; T100 = 70.0 ± 3.7 and 59.5 ± 3.1 and T150 = 62.7 ± 6.3
and 52.0 ± 5.2%, with no signiﬁcant difference (P > 0.05) observed
among the treatments.
Sperm velocity after thawing was evaluated with the CASA sys-
tem as mean path velocity (VAP), progressive straight velocity
(VSL) and curvilinear velocity (VCL). In Table 1, the three velocity
parameters are showed for each respective treatment, where VAP
presented values ranging from 93.9 (T100) to 102.2 lm/s (T50).
The VSL obtained by the CASA system demonstrated values
Fig. 1. (A) Subjective sperm motility (mean ± standard error) estimated in fresh
semen and cryopreserved bovine sperm and (B) subjective sperm vigor in bovine
cryopreserved semen. PC, control; NC, control for SDS; T50, T10 and T150
correspond to treatments with 50, 100 or 150 lM CLA, respectively.
Fig. 2. Total and progressive motility of cryopreserved bovine sperm parameters
estimated by CASA (Computer Assisted Sperm Analyses). PC, control; NC, control for
SDS; T50, T10, and T150 correspond to treatments with 50, 100, or 150 lM CLA,
respectively. Values are means ± standard error of two independent
determinations.
Table 1
Cryopreserved bovine sperm parameters estimated by CASA (Computer Assisted
Sperm Analyses).
Parameter Treatment
PC NC T50 T100 T150
VAP (lm/s) 96.5 ± 5.1 94.4 ± 3.0 102.2 ± 4.4 93.9 ± 2.9 97.8 ± 1.5
VSL (lm/s) 78.3 ± 4.5 79.4 ± 3.0 86.2 ± 4.3 78.8 ± 3.0 80.1 ± 1.1
VCL (lm/s) 164.2 ± 9.5 157.7 ± 3.7 171.0 ± 8.7 157.0 ± 4.3 167.3 ± 4.7
ALH (lm) 7.1 ± 0.3 6.7 ± 0.1 6.8 ± 0.2 6.5 ± 0.2 7.0 ± 0.3
BCF (Hz) 30.0 ± 1.5 31.4 ± 1.7 33.7 ± 1.4 31.4 ± 1.0 30.5 ± 1.9
STR (%) 81.5 ± 0.9 84.0 ± 1.1 84.2 ± 0.5 84.2 ± 0.6 82.7 ± 1.7
LIN (%) 51.0 ± 0.9 53.2 ± 0.8 53.2 ± 0.2 53.5 ± 1.0 50.7 ± 1.6
VAP, average path velocity; VSL, progressive straight velocity; VCL, curvilinear
velocity; ALH, amplitude of lateral head displacement; BCF, beat cross frequency;
STR, straightness; LIN, linearity.
PC, control; NC, control for SDS; T50, T10 and T150 correspond to treatments with
50, 100 or 150 lM CLA, respectively. Values are means ± standard error of two
independent determinations.
Fig. 3. (A) Percentage of bovine cryopreserved spermwith intact plasma membrane
(IPM), intact acrosome (IA) and high mitochondrial potential (HMP). (B) Percentage
of bovine cryopreserved sperm showing the PIAIC pattern (intact plasma mem-
brane, intact acrosome, and high mitochondrial potential). PC, control; NC, control
for SDS; T50, T10, and T150 correspond to treatments with 50, 100, or 150 lM CLA,
respectively. Values are means ± standard error of two independent
determinations.
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157.0 (T100) to 171.0 lm/s (T50). In the three velocities evaluated
by the CASA system no statistical differences were found among
the treatments (P > 0.05).
The values of amplitude of lateral head displacement (ALH),
beat cross frequency (BCF), straightness (STR), and linearity (LIN)
of the sperm samples are shown in Table 1. These parameters
showed similar values, and the statistical analysis demonstrated
that there were no signiﬁcant differences among treatments
(P > 0.05).
Plasma and acrosomal membranes and mitochondrial function
The percentages of sperm showing intact plasma membrane
(IPM), intact acrosome (IA) and high mitochondrial potential
(HMP) detected by the ﬂuorescent probes are presented in Fig. 3.
The percentage of sperm with IPM varied from 43.2% (T50 to
51.5% (T100), but the values were not signiﬁcantly different among
treatments (P > 0.05). The differences in the percentage of sperm
with IA were not signiﬁcant (P > 0.05), and the values ranged from
81.4% (T50) to 82.4% (T150). The percentage of sperm showing
HMP was between 13.4% (T150) and 33.1% (PC). The values were
not signiﬁcantly different (P > 0.05), excepting for cells treated
with 150 lM CLA.
In Fig. 3, the cryopreservation effects of different treatments are
presented over the cell category that presented intact plasmamembranes, intact acrosomes and high mitochondrial potential
(PIAIC). The values observed were PC = 25.4 ± 5.6; NC = 22.0 ± 5.0;
T50 = 21.7 ± 5.4; T100 = 25.4 ± 3.1, and T150 = 12.5 ± 3.7, with no
statistical differences (P > 0.05) among treatments.
Discussion
In this study, parameters of bovine sperm frozen in the presence
of CLA were evaluated. Sperm motility showed no differences
among treatments after thawing, suggesting that the presence of
CLA does not improved the motility parameters of cryopreserved
bull sperm. Although the effects of fatty acids during the freezing
of bovine spermatozoa have not been described previously, Hoss-
ain et al. [10] observed an increase in swine sperm motility after
the addition of oleic, linoleic and arachidonic acids into the dilution
medium. The reduced levels of polyunsaturated arachidonic and
linoleic acids found in bovine semen collected and cryopreserved
during the summer has been associated, at least in part, with the
reduced sperm quality [2]. Different cryoprotectants may cause
alterations of sperm parameters of bovine sperm. The addition of
glycerol, DMSO or ethylene glycol in the extender resulted in
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of bull sperm after thawing [23].
The addition of 100 lM trans-10,cis-12 CLA to serum-containing
media reduce lipid accumulation during in vitro culture of bovine
embryos and improved the cryopreservation survival [17]. How-
ever, high concentration of linoleic acid decreased the maturation
rate of bovine oocytes and resulted in an elevated abnormal nucle-
ar maturation, indicating its potential toxicity [12]. CLA toxicity
cannot be seen in sperm vigor, and a tendency to superior values
of T100 was observed when compared to the other CLA treatments.
A similar trend was observed for total and progressive motility,
although no signiﬁcant differences among treatments were ob-
served in these parameters. Bull semen with low sperm freezing
tolerance was treated with 1 mg/ml linoleic acid albumin by pro-
longed equilibrium before freezing (30 h at 4 C). Higher motility
rates were observed for treated sperm before and after freezing–
thawing, suggesting that addition of linoleic acid albumin to the
extended for long-term equilibrium might improve the motility
of freeze–thawed sperm with poor freezability [22].
VAP, VSL, and VCL values also did not differ statistically,
although the maximum values were observed for T50. According
to Verstegen et al. [25], values of VAP, VSL, and VCL are signiﬁ-
cantly higher in samples that produce more than 50% of fertilized
oocytes. Also, samples with elevated velocity, LIN and BCF param-
eters presented better migration and penetration in the genital
mucus [13,25]. The T50 treatment demonstrated a tendency to
superior BCF, which was not conﬁrmed with LIN.
The diverse treatments showed no differences for VAP, LIN, and
ALH, which were maintained above 93.95 lm/s, 50.7% and
6.53 lm, respectively. According to Cox et al. [5], caprine sperm
with efﬁcient migration velocity in the cervical mucus in vitro pre-
sented LIN > 50% and ALH = 4.8 lm. Human sperm with good pen-
etration capacity in cervical mucus presented VAP = 25 lm/s and
ALH = 4.5 lm [13].
Hyperactivation is a sign that the spermatozoid reached the
capacitation stage and this change evolves, mainly, the increase
of curvilinear velocity (VCL), amplitude of lateral head displace-
ment (ALH) and decrease of linearity (LIN) [11]. The tendency for
increased values of VCL and ALH in T50 and T150, and the de-
creased LIN in T150 may suggest hyperactivity, mainly for T150.
The evaluation of the integrity of plasma, acrosomal and mito-
chondrial membranes demonstrated that no important differences
occurred among the treatments, although a tendency to higher per-
centage of IPMandHPM, togetherwith the PIAIC cells, was observed
in the T100. Themaintenance of the sperm fertilizationpotential de-
pends on the integrity and functionality of the plasma and mito-
chondrial membranes. The maintenance of its enzymes and the
mitochondrialmembrane potential, responsible for the ATP produc-
tion, is indispensable for ﬂagella whipping andmotility [6,14,16]. In
this regard, the highest CLA concentration tested (150 lM) seems to
be deleterious to the mitochondrial function of bovine sperm.
In conclusion, the addition of cis-9,trans-11 and trans-10,cis-12
isomers of conjugated linoleic acid, in the concentrations used in
the cryopreservation media, caused no clear advantages on the
post-thaw bovine sperm integrity and functionality.Acknowledgments
Authors thank Santa Catarina Integrated Company of Agricul-
tural Development (CIDASC), Artiﬁcial Insemination Central, for
the bulls and use of equipments and installations.References
[1] D.L. Amarù, C.J. Field, Conjugated linoleic acid decreases mcf-7 human breast
cancer cell growth and insulin-like growth factor-1 receptor levels, Lipids 44
(2009) 449–458.
[2] N. Argov, D. Sklan, Y. Zeron, Z. Roth, Association between seasonal changes in
fatty-acid composition, expression of VLDL receptor and bovine sperm quality,
Theriogenology 67 (2007) 878–885.
[3] B.D. Bavister, M.L. Leibfried, G. Lieberman, Development of preimplantation
embryos of golden hamster in a deﬁned medium, Biol. Reprod. 28 (1983) 235–
247.
[4] E.C.C. Celeghini, R.P. Arruda, A.F.C. Andrade, J. Nascimento, C.F. Raphael,
Practical techniques for bovine sperm simultaneous ﬂuorimetric assessment of
plasma, acrosomal and mitochondrial membranes, Reprod. Domest. Anim. 42
(2007) 479–488.
[5] J.F. Cox, V. Alfaro, V. Montenegro, H. Rodriguez-Martinez, Computer-assisted
analysis of sperm motion in goats and its relationship with sperm migration in
cervical mucus, Theriogenology 66 (2006) 860–867.
[6] F.M. Flesch, B.M. Gadella, Dynamics of the mammalian sperm plasma
membrane in the process of fertilization, Biochim. Biophys. Acta 1469 (2000)
197–235.
[7] D.L. Garner, A.C. Thomas, H.W. Joerg, Fluorometric assessments of
mitochondrial function as viability in cryopreserved bovine spermatozoa,
Biol. Reprod. 57 (1997) 1401–1406.
[8] C.G. Gravance, D.L. Garner, J. Baumber, Assessment of equine sperm
mitochondrial function using JC-1, Theriogenology 53 (2000) 1691–1703.
[9] S. Hochi, K. Kimura, A. Hanada, Effect of linoleic acid-albumin in the culture
medium on freezing sensitivity of in vitro-produced bovine morulae,
Theriogenology 52 (1999) 497–504.
[10] M.D.S. Hossain, K.M.A. Tareq, K. Hammano, H. Tsujii, Effect of fatty acids on
boar sperm motility, viability and acrosome reaction, Reprod. Med. Biol. 6
(2007) 235–239.
[11] A. Januskauskas, J. Gil, L. Söderquist, M.G. Haard, M.C. Haard, A. Johannisson, H.
Rodriguez-Martinez, Effect of cooling rates on post-thaw sperm motility,
membrane integrity, capacitation status and fertility of dairy bull semen used
for artiﬁcial insemination in Sweden, Theriogenology 52 (1999) 641–658.
[12] W.F. Marei, D.C. Wathes, A.A. Fouladi-Nashta, The effect of linolenic acid on
bovine oocyte maturation and development, Biol. Reprod. 81 (2009) 1064–
1072.
[13] S.T. Mortimer, CASA – practical aspects, J. Androl. 21 (2000) 515–524.
[14] C. Õura, K. Toshimori, Ultrastructural studies on the fertilization of
mammalian gametes, Int. Rev. Cytol. 122 (1990) 105–151.
[15] M.W. Pariza, Perspective on the safety and effectiveness of conjugated linoleic
acid, Am. J. Clin. Nutr. 79 (2004) 1132–1136.
[16] J.E. Parks, J.K. Graham, Effect of cryopreservation procedures on sperm
membranes, Theriogenology 38 (1992) 209–222.
[17] R.M. Pereira, M.C. Baptista, M.I. Vasques, A.E.M. Horta, P.V. Portugal, R.J.B.
Bessa, J. Chagas e Silva, M. Silva Pereira, C.C. Marques, Cryosurvival of bovine
blastocysts is enhanced by culture with trans-10,cis-12 conjugated linoleic
acid (10t,12c CLA), Anim. Reprod. Sci. 98 (2007) 293–301.
[18] R. Pérez-Pé, J.A. Cebrian-Pérez, T. Muiño-Blanco, Semen plasma proteins
prevent cold-shock membrane damage to ram spermatozoa, Theriogenology
56 (2001) 425–434.
[19] R. Ringseis, G. Wen, D. Saal, K. Eder, Conjugated linoleic acid isomers reduce
cholesterol accumulation in acetylated LDL-induced mouse RAW264.7
macrophage-derived foam cells, Lipids 43 (2008) 913–923.
[20] H. Sampath, J.M. Ntambi, Polyunsaturated fatty acid regulation of genes of
lipid metabolism, Annu. Rev. Nutr. 25 (2005) 317–340.
[21] P.V. Subbaiah, I.G. Gould, M.S. Lal, B. Aizezi, Incorporation proﬁles of
conjugated linoleic acid isomers in cell membranes and their positional
distribution in phospholipids, Biochim. Biophys. Acta 2011 (1811) 17–24.
[22] T. Takahashi, R. Itoh, H. Nishinomiya, M. Katoh, N. Manabe, Effect of linoleic
acid albumin in a dilution solution and long-term equilibration for freezing of
bovine spermatozoa with poor freezability, Reprod. Domest. Anim. 47 (2012)
92–97.
[23] U. Tasdemir, S. Büyükleblebici, P.B. Tuncer, E. Coskun, T. Özgürtas, F.N. Aydin,
O. Büyükleblebici, I.S. Gürcan, Effects of various cryoprotectants on bull sperm
quality. DNA integrity and oxidative sperm parameters, Cryobiology 66 (2013)
38–42.
[24] K. Tominaga, Y. Hamada, T. Yabuue, T. Ariyoshi, Effect of linoleic acid-albumin
on post-thaw survival of in vitro-produced bovine embryos at the 16-cell
stage, J. Vet. Med. Sci. 62 (2000) 465–467.
[25] J. Verstegen, M. Iguer-Ouada, K. Onclin, Computer assisted semen analyzers in
andrology research and veterinary practice, Theriogenology 57 (2002) 149–
179.
[26] K.W.J. Wahle, S.D. Heys, D. Rotondo, Conjugated linoleic acids: are they
beneﬁcial or detrimental to health?, Prog Lipid Res. 43 (2004) 553–587.
[27] G. Zhao, P.V. Subbaiah, S.W. Chiu, E. Jakobsson, H.L. Scott, Conjugated double
bonds in lipid bilayers: a molecular dynamic simulation study, Chem. Phys.
Lipid 164 (2011) 251–257.
